In this work, an analysis of the generation, composition and management of the urban solid waste in Mexico and its relation to greenhouse gas emissions is described; as well a case study in Morelos, a state in the central region of the country. Data were collected from the scientific literature and existing data bases at state and national levels. In addition, the emissions of greenhouse gas were calculated for a period of 14 years, using the Intergovernmental Panel on Climate Change (IPCC) methodology. The municipal solid waste data collected from 1998 to 2012 reveal an increase in the amount of waste generated in Mexico and in Morelos (38% and 43%, respectively), which have been influenced by the urbanization process and the population increase. According to the official data, the composition of the urban solid waste in Mexico, is mostly organic matter (50%), represented by food and garden residues, as well as paper and cardboard (near to 14%). While in Morelos, the percentages of generation for these materials are 44% and 9%, respectively. The management of the urban waste mainly consists of house collection, principally in metropolitan zones and medium and small cities, representing 78.7% in Mexico and 89.2% in Morelos. The second way to eliminate the solid wastes is open burning (mostly in semi-urban and rural areas), representing 14.5% and 6.7% for Mexico and Morelos, respectively. During this period, the nationwide greenhouse gas emissions derived from solid waste management (SWM) increased by 180%, while in Morelos, an increase of 42.5% was calculated. Thus, the population increment and urbanization process were correlated with the rise in the amount of residues generated in Mexico and Morelos.
Study Area
Mexico is located between the latitudes of 14˚32'N and 32˚43'N and longitudes of 86˚42'W and 118˚27'W ( Figure 1 ). Morelos is a state located in the central region of Mexico, occupying an area of 4879 km 2 , which represents only 0.25% of the territory of Mexico. Morelos consists of 33 municipalities, each with an autonomous government.
Morelos has a total population of 1,777,000 inhabitants, corresponding to 1.58% of the total population in Mexico (112,336,538 inhabitants), with an average annual growth rate of 2%, which is higher than the national average (1.8%). Its population density is high (364 inhabitants per km 2 ) compared to the national average (57 inhabitants per km 2 ), representing the third highest density in the nation.
Methodology

Generation and Composition of MSW
For data on the generation and composition of MSW in Mexico and Morelos, as well as other social data, dif- ferent sources were consulted. The overall population of the state of Morelos was obtained from the information available in the population national census for 2000, 2005 and 2010 ; the population data for prior and later years were calculated according to the population growth rate [8] [9] . The total urban solid waste generation for the 1998-2012 period was reported in thousand tons. These values were obtained by a query of the thematic module environmental dimension section on urban solid waste generation for the state in the National System of Environmental and Natural Resources database [10] . Additionally, the fraction of the population covered by the MSW collection service for the 1998-2012 period was obtained from the same database. The corresponding data on waste composition and the number, surface and capacity of the landfills installed in Morelos, available for 2012, were obtained from the National Institute of Geography and Statistics (INEGI for its acronym in Spanish) in its Statistics for Environment, Human Activities and Solid Waste section.
Management of Municipal Solid Waste
For the management of MSW, we consulted the current official reports, in addition to direct informal interviews with officials of SWM in the different municipalities. The amount of municipal solid waste disposed in landfills was obtained from the database of the National System of Environmental and Natural Resources [10] thematic environmental dimension module.
Greenhouse Gas Emission from Municipal Solid Waste in Mexico and Morelos
Data on the national methane emissions in Mexico were obtained from the fifth communication to the United Nations Framework Convention on Climate Change (UNFCCC) [11] . Regarding the GHG emissions for Morelos in this study, the GHG annual contributions derived from the SWM in the state of Morelos for the 1998-2012 period were estimated utilizing module 6 of the International Panel on Climate Change [12] , provided by the UNFCCC. The information on the amount of urban solid waste was utilized to calculate the CH 4 emission rates and convert them to equivalent CO 2 units. All of these calculations were made in Microsoft Excel 2003 spreadsheets according to the IPCC guidelines [13] .
The completeness grade and quality of the SWM available information for the state of Morelos were limited; additionally, specific emission factors for Mexico do not exist. For these reasons, the contribution of this subcategory to the total amount of GHG was calculated using a Tier 1 methodology. The default values of 0.8 for the methane correction factor, 0.16 for the degradable organic carbon fraction, 0.5 for the fraction of carbon released as methane and zero for both methane oxidation factor and recovery (R) were used [14] . These last values were used because no CH 4 recuperation process is realized in the state (R = 0) and according to the IPCC guidelines, the value of the methane oxidation factor (OX) is zero when the country specific information is not available for the study.
The CH 4 emissions from municipal solid waste were estimated according to IPCC Good Practice Guidance [12] , applying the following equation: 
Results and Discussion
Municipal Solid Waste Generation and Composition
The data obtained for the 1998-2012 period provide the amount of municipal solid waste generated in Mexico and Morelos, as well as the calculated per capita daily MSW generation, which are shown in Figure 2 . According to the Mexican Secretary of Environment and Natural Resources (SEMARNAT, for its acronym in Spanish), the total MSW generation in Mexico increased from 30.5 million tons in 1998 to 42.1 million tons in 2012, a 38% increase in 14 years at a growth rate of 2.7%. The per capita MSW generation has ranged from 0.85 to 0.99 kg/inhabitant/day in the same period. MSW are mainly produced in the central region (50%), followed by the North region (18%) and Mexico City (13%). Regarding the state of Morelos, MSW generation has increased by approximately 43% in the same period, from 0.44 to 0.63 million tons [10] . This increment in MSW could be related to population growth (approximately 23%), industrial development, technological changes, consumption pattern changes and migration from rural areas to cities. With respect to the per capita daily MSW generation, as shown in Figure 2 , in the 1998-2003 period, each inhabitant of Morelos generated approximately 0.8 kg of waste. However, from 2005 to 2012, this value increased to more than 0.9 kg of waste. The 100-gram increase in the MSW observed in 2012 with respect to the per capita value reported in the year 1998 represents the generation of an additional 515.8 tons per day.
The rate of solid waste generation is intrinsically related to urbanization, industrialization and economic development. The quantity of solid waste generation is mostly associated with the economic status of a society, [15] suggests that the quantity of solid waste generation is lower in countries with lower gross domestic product (GDP). In México and Morelos, there is a direct correlation between the increase in GDP and the increase in MSW generation reported for the state of Morelos (data no shown) [16] . The per capita waste generation rates in many developing countries have now crossed the one kilogram per day mark. In most OECD countries, municipal solid waste generation rates are slightly above one kilogram per capita [17] .
In Mexico, the MSW have a high proportion of organic materials, which are those formed by food waste and plant material resulting from the maintenance of parks and gardens. MSW composition is followed by those residues that are not valued, in addition to paper, metals, plastics and textiles. Figure 3 shows a comparison of the MSW composition in Mexico for 1998 and 2012. As shown, an increase in plastics use was identified.
According to the State Commission of Water and Environment [18] , the MSW generated in Morelos are composed mostly of organic waste as food and garden residues (approximately 50%), waste that, according to reported data, are recovered or recycled at a very low percentage. Although paper is an organic material, it is not included in the category of organic waste because this type of residue is capable of being valued through recycling [19] . It was also reported that of the total composition of the MSW, 12.5% is plastic materials, 9.4% corresponds to paper, 5.2% is glass and 2.4% represents metals (Figure 3 ).
Management of Municipal Solid Wastes
The management of MSW comprises its collection, transportation, storage, selection and final disposition.
Collection
According to the 2010 national census, 28,643,491 habited households were reported in Mexico, while in the state of Morelos, 475,166 households were registered. These houses could be located in metropolitan zones, medium and small cities, and semi-urban or rural areas. The people who live in these houses produce waste at different proportions, and the generated quantity adjusts according to their income and location. There are many ways to eliminate these wastes, including home collection by the municipal service, directly disposition in containers, deposits or public dumps by people, open burning or burying of waste in the field, or disposal without any control in wastelands fields, streets, natural depressions, rivers, lakes or in the sea. According to the information generated by INEGI, through a series of surveys, in the year 2012, the wastes that were generated in the 28.6 million occupied homes in Mexico were disposed in the following ways [20] . As shown in Figure 4 , in both Mexico and Morelos, the main method for the elimination of solid wastes is house collection (mainly in metropolitan zones and medium and small cities), representing 78.7% and 89.2%, respectively. The second way to eliminate the solid wastes is open burning (in semi-urban and rural areas), representing 14.5% and 6.7%, respectively. All other elimination methods show similar proportions for both the national and the state level [20] .
One of the most important aspects of adequate management of MSW is the waste collection [21] . In Mexico, a daily average of 86,343 tons of MSW is collected, which are mainly generated in homes, parks, gardens and public buildings. In Morelos, approximately 1.2 million people in 1998 were benefited with the collection service, a number that increased to nearly 1.7 million people by the year 2012, covering 90.7% of the total population. In Morelos, 971 tons/day and 1564 ton/day of MSW were collected for the years 1998 and 2012, respectively ( Figure 5) .
However, in Mexico the waste collection is generally not performed differentially. In 2010, 89% of the waste collected was non-selective and the remaining 11% was selective (i.e., separation of MSW into organic and inorganic, at the very least). Thereby, in most cases, mixed wastes (garbage) are directly transported to a landfill for their final disposal [22] . In the Morelos state for the year 2012 only four municipalities reported information about the selective waste collection, which represents only the 9.14% of the total area of the state [20] .
Solid Wastes Recovery for Recycling
Unfortunately, most homes in Mexico and in Morelos lack the discipline to separate generated waste; the proportion of households in which the waste is separated is low. The common practice is to have a single container where mixed wastes (organic and inorganic) are stored, and at least two days a week, these wastes are given to a truck that provides this collection service for the municipality. However, as was mentioned above, only a small proportion of the MSW are collected differentially and recycled. Wastes that are recovered for recycling may come from different sources, such as from separation in households which can then be delivered to waste-collection sites, from collection vehicles, from places established for waste segregation after collection, and from final disposal sites, where separation is conducted by waste pickers who work informally in such sites.
Although the volume of MSW that is recycled in the country has increased in recent years, it remains low. According to the amounts obtained on disposal sites, in 2011, 4.8% of the volume of MSW generated was recycled. However, this percentage could reach 10% because much of the MSW with potential to be recycled is recovered before reaching the final disposal sites. The recycled wastes in Mexico (2012) consisted of paper, cardboard and paper products (143,187 kg/day), followed by others non-specified (74,364 kg/day), PET (70,798 
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Population benefitting from the collection service Ton/day kg/day), glass (62,052 kg/day), plastics (41,115 kg/day), electronics (22,842 kg/day), metals (21,868 kg/day), aluminium and copper (6129 kg/day), bronze and lead (5710 kg/day). Meanwhile in Morelos, the recycled wastes (2012) consisted of paper, cardboard and paper products (102 kg/day), followed by glass (80 kg/day), plastics and PET (24 and 23 kg/day, respectively), metals (23 kg/day), electronics (3 kg/day) and others nonspecified (9 kg/day) (Figure 6 ). The recyclable materials mixed with other materials contained in the no differentially collected wastes, are delivered to the waste-collection sites, where waste pickers could receive financial compensation in return for their recovery and sell. Subsequently, the people responsible for these collection centres transfer the waste to recycling companies [22] .
Transport
Wastes that are collected are transported to a transfer centre (Figure 7) , where trucks with greater volume ca- pacities are filled with garbage, and the wastes are then sent to landfills for final disposition.
Final Disposal
The final disposal indicates the permanent deposit of waste at a site. Due to the negative health and environmental impacts affecting the quality of life and social welfare, it may be appropriate to prevent damage in ecosystems. The Mexican regulation establish the specifications for the environmental protection, the site selection, design, built, operation, monitoring, closing and the complementary work realized in a waste final disposal site. According with this regulation, all landfills have to accomplish with the next minimal requirements: All disposal sites should have a natural geological barrier or equivalent to a thickness of one meter and a coefficient of hydraulic conductivity of at least 1 × 10 −7 cm/sec on the area for the establishment of cells disposal; or, guarantee it with a system of equivalent waterproofing. The wastes have to be compacted (300 kg/m 3 ) y covered at least once a week; the entrance of dangerous waste must to be avoided, vermins must to be controlled and the entrance of other animals must to be avoided; all the final disposition site have to be fenced [23] .
The final disposal of MSW is characterized by the use of traditional processes and systems; thereby, at a national level, landfills and dumps with different degrees of control can coexist. In this last case, waste undergoes biodegradation, which would allow the subsequent use of some by-products (biogas) and the subsequent reuse of the site as suitable ground for parks or recreational areas [1] . Specifically in Morelos, the final disposal of MSW occurs in sites with different characteristics such as four landfills/controlled sites and 14 open dumps [20] ; this pattern is a clear example of the management usually conducted in Mexico.
The final disposal of municipal solid waste in landfills or open dumps results in inevitable consequences such as gas and leachate generation, primarily due to microbial decomposition, climatic conditions and landfilling operations. The migration of gas and leachate away from the landfill boundaries and their release into the surrounding environment present serious environmental concerns at both existing and new facilities. In addition to potential health hazards, these concerns include and are not limited to fires and explosions, vegetation damage, unpleasant odours, landfill settlement, ground water pollution, air pollution and global warming [24] [25].
Global Analysis of Waste Management
Adequate processing of wastes is still an unsolved task in Mexico and in Morelos. At the municipal level, limited knowledge of technologies and good practices for waste management, lack of equipment for the collection of sorted materials and the absence of decision makers interested in environmental issues hamper the development of waste-separation programs. Awareness campaigns influence the behaviour of individuals to segregate waste due to their environmental concerns and the need to participate in solutions. The livelihoods of many poor people depend on collecting recyclable materials from door to door, on the streets or at the disposal site. Recycling companies have appeared in cities due to the increase in the prices of these secondary materials. The combination of these two facts seems to have promoted more separation at the household level. Finally, separation is improved when citizens share responsibility with the municipality for the decision-making regarding the waste system of the city [26] . In Morelos, as in other Mexican states, the municipalities control the generated MSW, and they must implement the necessary measures to give people urban cleaning services and ensure the proper management of scanning services, collection, transfer, transportation, treatment and disposal of MSW, in addition to increasing the awareness and training of the population (Figure 7) [27]- [29] .
Morelos has serious environmental challenges concerning MSW management. Just as in other states in Mexico, the public sanitation system lacks adequate planning, and the MSW management is unsustainable. For example, only a small portion of the organic waste from MSW is treated in a composting process, which is limited to two municipalities plus some individual efforts of people who compost their own waste. Unfortunately, data on the waste proportion that is composted do not exist. All of these wastes have great potential to be recycled through a composting process in which a substrate rich in nutrients (humus) that could be used as a substrate for growing plants or for restoring soils degraded by different processes (erosion, pollution, etc.) is obtained. Composting the organic portion of the MSW of Morelos, in addition to the recovery of wastes, could help to significantly reduce the total amount of waste and diminish their effect on the release of GHG into the atmosphere.
GHG Emissions from Municipal Solid Wastes
The national GHG emission values from waste, were obtained from INECC-SEMARNAT (2012) [11] , while the Morelos GHG emission values were calculated in this work applying the Equation (1). As shown in Table 1 , the GHG emissions for MSW in Mexico had increased from 7905.7 Gg CO 2 eq in 1998 to 22117.7 Gg CO 2 eq [30] , and the emissions from MSW correspond to 9.2% (770.0 Gg de CO 2 eq). By contrast, in Mexico for the same year, GHG emissions from MSW management was 20851.3 Gg CO 2 eq, representing 2.8% of total emissions [11] . This difference in the emission proportion is probably due to the different economic activities carried out in other states of the country, which are not significant in Morelos, for example, the industry.
Currently, the CH 4 emissions from the landfills are not recovered or treated and are consequently emitted into the atmosphere, augmenting the GHG emissions. For this reason, according to several studies, the recovery and use of these emissions as fuel could be promoted to mitigate the effect of their release [31] - [34] . Also the use of a biologically-active landfill cover soils (biocovers) can serve as option to minimize landfill methane emissions [35] .
In controlled landfills, the process of burying and compacting waste and regularly covering deposits with a low-permeability material creates an internal environment that favours CH 4 -producing bacteria. As with any ecological system, the optimum conditions of temperature, moisture, and nutrient source (i.e., organic waste) result in greater biochemical activity and hence greater generation of landfill gas. Waste sector emissions were estimated to account for 3% -5% of the total global anthropogenic emissions in 2005 [36] . In a study performed by the US Environmental Protection Agency, the worldwide contribution of MSW for the year 2005 was estimated to be 750 mega tons (Mt) of CO 2 eq, which was projected to increase by an additional 10 Mt of CO 2 eq by 2010 and 40 Mt of CO 2 eq by 2015 [37] . City governments are faced with several challenges in their efforts to streamline waste-management services and reduce GHG emissions related to MSW. A few of the pressing issues include the rapidly increasing quantities and diverse characteristics of waste, undesirable consequences of conventional methods of waste management, and failure to tap the resource value of waste. Natural emissions are generated by biotic and abiotic processes, not related to human activities. The biotic sources are that produced in the ecosystems include the volatile organic compounds from phytoplankton in oceans, the CO 2 liberating by the breathing of organisms, different gases derived from the microbial metabolism and the phytohormones liberation from plants, among others [38] . Regarding the abiotic emissions, some examples are the geothermal sources (volcano eruptions, fumaroles, geysers and other geothermal activities on the surface of the earth), lightning, biomass burning from forestry fires, etc. [39] . The biogenic emissions not were estimated in this study because the SWM it is an anthropogenic activity.
In Mexico, the current infrastructure for waste management is insufficient. Optimal waste management is not achieved, so promoting the reuse, collection and recycling of waste is a necessary action. In Mexico, the organic material component of MSW is 52% [22] , so there is considerable potential for reducing emissions, which are estimated as 16.6 to 18.7 million tons CO 2 eq by 2020 mainly by composting treatments [11] .
Conclusions
The MSW data collected from 1998 to 2012 reveal an increase in the amount of waste generated in Mexico and in Morelos that could be related to a modification in consumption patterns, which have been influenced by urbanization and an increase in the population and GDP. As observed in this study, more detailed MSW composition studies at both the local (each municipality) and regional levels are required because the existing statistics are of low quality and are most likely misestimated or nonexistent. In Morelos, the MSW collection services cover 90.7% of the population, but the lack of adequate technical expertise in the municipalities makes the management inefficient. Although the MSW contribution only represents 9.2% of the state GHG emissions, the realization of interdisciplinary research that involves social, economic and environmental considerations, as well as the population and municipal authorities' participation, are necessary to improve MSW management and generate mitigation strategies.
Recycling, waste separation, reuse, waste containment and creation of collection centres are identified as actions with great potential for the abatement of waste-related CO 2 eq emission, in conjunction with strategies as composting the organic fraction or the recovery and use of the CH 4 produced in landfills as fuel, can help to reduce the effect of MSW on the total GHG emissions of Mexico and Morelos. Additionally, the development of mechanisms and regulations that make organisations jointly responsible for managing the waste that they generate, are necessary, as is strengthening education and raising awareness about the importance of reducing the generation of waste and increasing the capture and use of CH 4 for electrical power-generation campaigns. The use of landfill gas, recycling and composting offers solutions to various problems facing the country. To achieve sustainable use of waste, improved social participation through education and awareness campaigns and better collection systems under uniform criteria for waste management are required throughout the country. Adequate funding could help make the project self-sustaining.
